Objective To examine risk factors for coronary artery disease (CAD) and retinopathy in patients with type 2 diabetes mellitus (DM) and assess the relationship between CAD and retinopathy. Methods A total of 1,003 outpatients with type 2 DM (578 men and 425 women) were classified into two groups according to the presence (based on ischemic findings on a resting electrocardiogram or a history of angina or myocardial infarction) or absence of CAD and four retinopathy stages based on the International Clinical Classification of Diabetic Retinopathy. Results Stepwise multiple regression analyses showed that independent risk factors for CAD were age, the triglyceride (TG) level and smoking, while those for retinopathy included age, age of DM diagnosis, the HbA1c level and a female gender. The prevalence of CAD increased in association with the progression of retinopathy (p<0.01). Conclusion Since it is difficult to distinguish macrovascular and microvascular diseases, diabetic vascular disorders require comprehensive approaches to assessment and treatment.
Introduction
Large-scale clinical studies have demonstrated that the development and progression of diabetic microangiopathy can be attributed to long-term poor glycemic and/or blood pressure control (1) (2) (3) . Meanwhile, macroangiopathy is associated with various factors in addition to blood glucose, including lipid profiles, blood pressure and lifestyle factors. Earlier studies have reported that the incidence of coronary artery events increases in relation to the number of coexisting risk factors (4, 5) . Macro-and microangiopathy have also been shown to progress in parallel with the course of the underlying diabetes, with several reports identifying retinopathy as a risk factor for coronary artery disease (CAD) (6) (7) (8) . In this study, we examined risk factors for CAD and retinopathy and assessed the relationship between the major forms of macro-and microangiopathy.
Materials and Methods
This retrospective study included 1,003 outpatients with type 2 DM (578 men and 425 women) who were treated at the Diabetes Clinic at Cigasaki Tokushukai Medical Center between 2006 and 2011. The patients were divided into two groups according to whether they did or did not have CAD (CAD and non-CAD groups, respectively). A patient was diagnosed as having CAD if there were ischemic findings on a resting electrocardiogram (e.g., abnormal Q waves, ST segment depression or inverted T waves) or a history of angina or myocardial infarction. Diabetic retinopathy was assessed by ophthalmologists and graded according to the In- 
Statistical analysis
The results are expressed as the mean ± SD. The data were compared between the CAD and non-CAD groups using Student's t-test. The data were compared among the patients with the four retinopathy stages using one-way analysis of variance (ANOVA). For the multivariate analysis, multiple regression models were developed based on a stepwise procedure in which significant factors for CAD and retinopathy identified using univariate analyses were included. A multiple logistic regression analysis was then performed to assess the relationships between the presence or absence of CAD and retinopathy to the individual variables. The relationship between CAD and retinopathy was analyzed using the chi-square test. The statistical analyses were performed using the JMP software program, version 9. A value of p< 0.05 was considered to be statistically significant.
Results
The characteristics of the 1,003 patients with type 2 DM were as follows: age, 63.7±12. Coronary artery disease: A total of 387 patients (39%) were included in the CAD group and 616 (61%) patients were included in the non-CAD group. Compared with those in the non-CAD group, the patients in the CAD group were significantly older, had a significantly longer duration of DM and exhibited higher values of waist circumference, systolic blood pressure, HbA1c, TG and urinary albumin and lower HDL-C levels, in addition to significantly higher percentages of men and smokers (Table 1) . When using the presence of CAD as an objective variable, the stepwise multiple regression analysis identified age, the TG level and smoking as independent risk factors. Table 2 shows the results of the logistic regression analyses of the presence or absence of CAD.
Retinopathy: The patients were divided into four groups according to whether they had no diabetic retinopathy (n= 627, 70%), mild or moderate non-proliferative diabetic retinopathy (119, 13%), severe non-proliferative diabetic retinopathy (52, 6%) or proliferative diabetic retinopathy (102, 11%). An analysis of variance revealed that patients with retinopathy progression exhibited higher values of age, age of DM diagnosis, duration of DM, HbA1c and urinary albumin and lower values of BMI and diastolic blood pressure, with significantly higher percentages of women, smokers and patients receiving insulin therapy (Table 3 ). With stage progression as an objective variable, the stepwise multiple regression analysis identified age, age of DM diagnosis, the HbA1c level and a female gender as independent risk factors. The results of the logistic regression analyses of the presence or absence of retinopathy are shown in Table 4 .
Relationship between CAD and retinopathy: The prevalence of CAD increased as the stage of retinopathy advanced [patients with vs. without CAD: 217 (35%) vs. 410 (65%) in the no diabetic retinopathy group, 54 (47%) vs. 61 (53%) in the mild or moderate non-proliferative diabetic retinopathy group, 26 (50%) vs. 26 (50%) in the severe nonproliferative diabetic retinopathy group and 58 (57%) vs. 44 (43%) in the proliferative diabetic retinopathy group; p< 0.01]. Despite these differences, the results also indicated that CAD was present in 35% of the patients without diabetic retinopathy and absent in 43% of the patients with proliferative diabetic retinopathy (Figure) .
Discussion
The present study examined risk factors for CAD and retinopathy in DM patients and found that age, the TG level and smoking were independent risk factors for CAD ( Table 2 ). An epidemiological report from the Framingham Heart Study (11) showed that multiple lifestyle factors are associated with the development of ischemic heart disease, and subsequent research has identified relevant risk factors, including hyper-LDL cholesterolemia, diabetes, hypertension and smoking. The Japan Diabetes Complication Study (JDCS) reported that risk factors for ischemic heart disease among the Japanese study population with diabetes were a male gender, the TG level, age and the LDL-C level (12) . These studies demonstrated the LDL-C level to be a risk factor for CAD, a finding that was not confirmed in the current study. This difference is likely due to the influence of lipid-lowering medications.
The current study also identified age, age of DM diagnosis, the HbA1c level, and a female gender to be independent risk factors for retinopathy (Table 4) . Previous studies have proposed numerous risk factors for the development and progression of retinopathy, the most significant of which are the duration of DM and glycemic control (13) (14) (15) . In our study population, the patients with advanced retinopathy were older, had an earlier age of DM onset and exhibited elevated HbA1c levels. Although a number of reports have suggested that there are no significant correlations between (14), a WHO study (16) and a study by Constable et al. (17) found a higher prevalence of retinopathy among women than men, while Schanzlin et al. (18) found a higher prevalence of retinopathy among men. In the present study, patients with advanced stages of retinopathy had an earlier age of DM onset, with a higher prevalence of women. Diabetic retinopathy has been shown to progress during pregnancy (19, 20) . Diabetic retinopathy is aggravated upon sex hormone administration, followed by a return to baseline after the cessation of therapy (21) . Further studies are needed to evaluate the influence of blood coagulation and sex hormones in relation to gender with regard to the progression of diabetic retinopathy as well as the duration of diabetes and blood glucose control in order to understand the mechanisms underlying the progression of diabetic retinopathy.
Regarding the relationship between CAD and retinopathy, our results showed that the prevalence of CAD increased in association with the progression of retinopathy (Figure) and that the affected patients had the following risk factors in common: age, duration of DM, HbA1c, albuminuria and smoking. On the other hand, 35% of the CAD patients did not suffer from retinopathy. Conversely, 43% of the CADfree patients had proliferative retinopathy. Juutilainen et al. (6) and Cheung et al. (7) linked retinopathy to ischemic heart disease, and Targher et al. (8) reported that severe retinopathy is associated with an increased risk of cardiovascular death in type 2 diabetic patients. Myocardial infarction in retinopathy patients is associated with markedly increased risks of cardiac failure and death (22, 23) , observations that are supported by a study conducted in Japan by Ono et al. (24) . Ono et al. (24) followed up diabetic patients who underwent coronary artery bypass graft surgery for CAD and found that patients with diabetic retinopathy had an approximately four-fold increased risk of postoperative death and a three-fold increased need for repeat revascularization and that the presence or absence of diabetic retinopathy was an important predictor of the treatment outcome for ischemic heart disease.
The retinal vascular system is known to share various anatomical and physiological characteristics with the cerebrovascular and cardiovascular systems (25) . It is, therefore, highly likely that patients with diabetic retinopathy have concomitant arteriolar lesions in the cerebrovascular and cardiovascular systems, suggesting that retinopathy may reflect macro-as well as microangiopathy. In the present study, some patients were in different stages of CAD and retinopathy progression, suggesting that CAD and retinopathy have distinctive risk factors specific for each condition.
We examined the relationship between CAD and retinopathy and demonstrated a link between macroangiopathy and microangiopathy, i.e., the prevalence of CAD increased with the progression of retinopathy. The assessment of CAD can be invasive, while the assessment of retinopathy requires simple procedures, including ophthalmoscopy.
Since it is difficult to distinguish macrovascular and microvascular diseases, diabetic vascular disorders require comprehensive approaches to assessment and treatment.
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